Pseudomurein is a peptidoglycan structure found in the cell walls of members of the order Methanobacteriales (12) . This substance and eubacterial peptidoglycan serve to prevent osmotic disruption, and they are morphologically similar. Both types of peptidoglycan consist of glycan strands cross-linked by short peptides, and they seem to have similar three-dimensional architectures (16) (17) (18) . However, the chemical composition of pseudomurein differs considerably from that of eubacterial peptidoglycan: the glycan of pseudomurein contains N-acetyl-talosaminuronic acid instead of muramic acid, the sugars are connected by P-1,3-glycosidic linkages, and the peptide contains a remarkably high number of non-(x-bonded amino acids but no D amino acids (8, 12) .
Eubacterial infections elicit a series of transient changes collectively known as the acute-phase response, occurring within hours of inoculation. These responses include central nervous system (CNS) effects, such as changes in temperature and sleep. Dead bacteria (22) and eubacterial peptidoglycan (6), as well as other eubacterial cell wall products, such as endotoxin (14) , induce similar CNS responses in mammals. For example, increased slow-wave sleep (SWS) and body temperature are observed after intravenous (i.v.) injection of rabbits with cell walls of Staphylococcus aureus or Neisseria gonorrhoeae (6) . In contrast, little is known about biological effects of pseudomurein, although methanogenic bacteria occur in the rumens and intestinal tracts of a variety of animals (19, 20) . For example, Methanosphaera cuniculi, a pseudomurein-containing species, has been detected in the intestinal tracts of rabbits (2) . However, there are no known interactions between these organisms and the host (12) , and, to our knowledge, no CNS effects of pseudomurein have been reported previously. We now report that pseudomurein, given systemically, alters sleep and brain temperature (Tbr) in rabbits.
Lyophilized Methanobacterium thermoautotrophicum was a gift from 0. Kandler and H. Konig. Pseudomurein was isolated as described previously for staphylococcal cell walls (5, 15) . In preparation for i.v. injection into rabbits, the lyophilized pseudomurein was suspended in appropriate volumes of pyrogen-free saline (PFS). In some cases, it was suspended in PFS containing 1 period ( Table 1 ). The differences in SWS occurred during the first 4 h of the experiment; no differences were observed in hours 5 and 6 (Fig. 1A) . A similar time course of enhanced EEG 8-wage voltage was observed (Fig. 1) , and these increases were significant across the 6-h recording period (Table 1) . REMS was not affected by this dosage of pseudomurein (Table 1 and Fig. 1B ). In contrast, TbrS transiently increased (Fig. 1D) .
Two control experiments were also performed. First, to investigate whether the observed pseudomurein effects on sleep and Tbr were due to the particulate or to the chemical nature of the sample, polystyrene microspheres were injected via the same route as and at a concentration comparable to that of pseudomurein (5 x 109 sacculi were contained in 4.5 mg of a cell wall preparation of Staphylococcus aureus, that was prepared in the same way as the pseudomurein [6] ). Polystyrene microspheres 1 p.m in diameter are phagocytized by macrophages in vitro (9) , and microspheres 3 ,um in diameter injected i.v. into dogs are found in phagocytizing cells (10) . The injection of 5 x 109 microspheres in 1 ml of PFS had no effects on sleep (Table 1) (21) . Also, pseudomurein was shown to be antigenic in animals and humans (4) .
The pathways by which pseudomurein exerts its somnogenic and pyrogenic effects are unknown. Pseudomurein is resistant to lysozyme (8) , the key enzyme for the degradation of eubacterial peptidoglycan in macrophages. Also, the accumulation of unusual £ and -y bonds in pseudomurein may protect it against attack by proteases (8). However, some enzymatic degradation processes for pseudomurein have been described recently: an extracellular enzyme produced by a streptomycete from cow manure has the capability to lyse a pseudomurein-containing methanogen (3). Also, a peptidase that hydrolyzes the e-Ala-Lys bond of pseudomurein was purified from Methanobacterium wolfei (11) . Whether such processes are involved in the biological response of pseudomurein remains undetermined.
